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SUMMARY 


This bulletin outlines a procedure for making sectionalizing studieg on 
REA systeme, and contains suggestions for selecting sectionalizing 
equipment. 


All analyses not specifically pertinent to rural circuits have been elimi- 
nated, resulting in complete and definite inetructions for a sectionalizing 
etudy on a rural system of the REA type. The bulletin is written partly in 
the form of a textbook and partly in the form of inetructionge on method 

and procedure. Every effort has been made to make the text as simple as 
possible; knowledge of symmetrical components, or even of vector algebra, 
is unnecessary. A sample problem ie given ag an aid in underetanding the 
text, which the reader ie urged to follow before attempting to apply it 

to an actual case. 


The engineer familiar with symmetrical components will find that some of 
the formulae in thie text have a different form than the familiar ones. 
These changes have been made in the interest of eimplicity for the special 
cage of REA systems. For the purpose of simplification, various limita- 
tions were established. These simplifications and limitations are ex- 
plained in the text, and should be noted carefully by anyone solving an 
actual problem. 


The bulletin ig divided into various parts as follows: 
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1/22/41 
SUGGESTIONS AND PROCEDURE FOR MAKING A SECTIONALIZING STUDY 


It is advisable to read this entire paper and to go through the example be- 
fore attempting an actual study. In order to provide ease in checking, engi- 
neers making sectionalizing recommendations to REA projects should submit the 
study in the same general form as shown herein, using listed impedance values, 
unless local conditions, or other factors indicate that such is not advisable. 
In these cases, the enginser should submit the basis for his study, and the 
reasons for such differences. | 


Sectionalizing studies are not difficult, and all formulae have been reduced 
to simple forms. 
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Data Necessary 


In order to make a complete sectionalizing study of a project, definite 
data on various items mugt be obtained from the project. These items 
are outlined in form TS-5, pages 26 - 29 (Formerly Form EO-19R). All of 
these data should be available before attempting a study, as lack of any 
will delay the work. 


For a small REA or municipal plant, the following data should be obtained 
from the machinery manufacturer: 


Unit %4 Direct Axis Reactance % Negative Sequence 
No. Kva Capacity Transient Synchronous Reactance 

1 

2 

af 

4 

S| 


It is also necessary to obtain time-current characteristics for all sec- 
tionalizing devices used on the project. These are explained more in 
detail later. 


Location of Sectionalizing Devices 


The first step is to make a tentative location of sectionalizing devices. 
Individual judgment mist be used for each case, but the following points 
may be helpful: 


1. If two or more main feeder lines go out from the substation, 4 sec- 
tionalizing device should be placed on each line. In other words, 
trouble on one line should not affect other main lines. In many 
cases, a set of cut-outs, or breakers for each line, will be prefer- 
able to only one set of cut-outs or breakers for the entire substa- 
tion. In some cases, a quarter or half mile of double eiroudt. cine 
with one circuit overbuild will allow a division of feeders at the 
substation, with consequent operating advantages. 


2. Branch lines over 4 or 5 miles in length should have sectionalizing 
devices. (Exceptions: where reclosing preakers or fuses are used.) 
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3. Where main lines branch, a sectionalizing device should be used in 
each line at the junction point. 


4. The device should be accessible from highways open the year around. 


>. The device should protect important loads (be beyond the transformer 
feeding the load). 


6. Any branch line exposed to hazardous conditions (trees, etc.) should 
be separated from the remainder of the system by a reclosing device, 
1f possible. 


7. The device should be located near a member with a phone, if possible. 
Short Circuit Currents 


The next step is to calculate the approximate short-circuit currents on 
the system. Important - this discussion will assume a 60-cycle system 
with multigrounded neutral conductor with substation transformers con- 
nected delta on the supply side and wye on the load side. The REA system 
is also considered radial ae no connected loops). For any other 
conditions, write REA, giving details. 


Two types of fault currents should be computed, the maximum fault current 
and the minimum fault current. The former assumes all generating machines 
are connected, and zero fault resistance. The latter assumes the minimum 
number of generators, and some fault resistance. These should be computed 
for each sectionalizing point, including the substation, and at the ends 
of the longest sections. 


It is generally possible, after some practice, to estimate fault currents 
for intermediate points with sufficient accuracy after a number of repre- 
sentative faults have been calculated. 


Fuses are usually coordinated using the maximum fault currents. Minimum 
currents are used to make certain that sectionalizing devices will operate 
satisfactorily under all conditions. In particular, the substation trans- 
formers must be protected against all fault currents on the system. Al- 
though the general method of calculation is the same for both maximum and 
minimum fault values, the immediate discussion will concern the maximum 
values. 


There are four possible types of faults, three-phase, double line-to-ground, 
line-to-line, and single line-to-ground. The first three can occur only 

on three-phase or "V" circuits, and even on these circuits usually only 
single line-to-ground faults will occur, due to the multigrounded construc- 
tion. 


This discussion will cover methods of calculation for line-to-ground, three- 
phase and line-to-line faults. For double line-to-ground faults, reference 
ig made to "Symmetrical Components", by Wagner & Evans, McGraw Hill. 
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The following set of symbols is used: 


I = Line-to-line fault current in amperes on supply side at 
a(L-L) 
the substation. 
Eg(L-L) = Line-to-line voltage in volts on supply side of sub- 
station. 


Iz, = Three-phase fault current in amperes on supply side at 
the sumstation. 

Tr, = Fault current on load side (REA side). 

Ey, = Line-to-ground voltage on load side of substation. 

Rg = Equivalent resistance per phase of source at load (REA) 
voltage. : 

Xs = Equivalent reactance per phase of source at load voltage. 

Ry = Resistance per phase of substation transformers at load 
voltage. 

Xt = Reactance per phase of substation transformers. 

Zt = Impedance per phase of substation transformers. 

Ry, = Resistance per phase of REA distribution line (multigrounded). 

Xr, = Reactance per phase of REA distribution line (multigrounded). 

Z = Total impedance per phase of distribution line, source and 


substation. 
X,, Xp, Xz = Reactances of individual machines at load voltage (either 
direct-axis transient or negative sequence). 


Bion = Resultant reactance of all machines running in parallel. 
n = Number of machines. 

KVA) = KVA capacity of individual machine (total). 

KVA, = Total KVA capacity of all machines. 


There are three main components of the impedance to the fault: (A) the 
impedance of the source; (B) the impedance of the substation, and (C) 
the impedance of the REA distribution lines. 

Line-to-Ground Faults 

1. Source Impedance 


(a) Large system 


= (E Hae ) (E 2 —. (E,)* hms. (1) 
is (Ts (1-1)) (Eg(L-L))* pen Ts (L-L)®s(L-L) nik 


assume R, = 0, or take an appropriate ratio between R and X based 
on judgment. 


If only the three-phase fault current is given, 
Xg omc Fey (1a) 
\J 3 /T5e®e(L-1)/ 


assume R, = 0, (See note under (1) above) 


(Formula (1) is the more accurate) 
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tare: 


(>) Small system or REA plant 
Ry (ohms ) - X1 (Percent ) (Ey )°(3) 


KVA, (100,000) 


(Use X, = direct-axis transient reactance for maximum fault 
current ) 


Xp and Xs can be found in a similar manner. 


Then, 1 «1 ok 1 


— Saree ae 


Hy %, Xe 4 
If all machines are alike, X, = x, (n should be maximum 
n 


for maximum fault current) 


(2) 


(3) 


(3a) 


Next determine the negative sequence reactances by using formulas 
(2) and (3) above, only with the percent negative sequence values. 


Then X, = (Xm (transient) + Xq (neg. seq.)? 
3 


Xn values must be in ohms. 


(4) 


If machine reactances are not obtainable, the following values may 


be used for approximation. (To be used only with discretion. ) 


Slow speed Diesel - driven or reciprocating steam engine driven 


generators: 
ef Direct-axis transient reactance = 35% 
2) Negative sequence reactance = 20% 
(3) Synchronous = 110% 


Non - salient pole turbine - driven generators 


(1) Direct-axis transient reactance = 2 pole 15% 4 pole 23% 


(2) Negative sequence reactance = 2 pole, 11% 4 pole 16% 
(3) Synchronous reactance = 110 
Machine resistance can be neglected 


If the plant is some distance from the REA substation, the resist- 
ance and reactance of the tie line must be obtained. This can be 
done by using handbook values (see Standard Handbook for Electrical 
Engineers, McGraw Hill, for example).for the resistance and react- 


ance of the line, using the conductor sizes and spacings of the 
line. Simply multiply twice the line distance in miles by the 

resistance and by the reactance (positive sequence) of the line 
per phase per mile. Convert each of these values separately to 


REA voltage by multiplying each by _ FE e 
(Es(1-1))° 


The above assumes a constant voltage along the tie line. If there 


is another voltage transformation in this tie line, the resist- 
ance and reactance of each section should be computed as above, 
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3. 


4. 


using the voltage for each section and the resistance and react- 
ance of the extra transformer added, as shown below. 


The total X, equals X, from (4) plus the reactance determined above 
and R, equals the resistance as determined above. 


Substation Transformer Impedance 
Z4, (ohms) = 2t (percent) (Ey,)° 


oe 
(kva per phese) (100,000) (5) 
xX, = 0.97 Zt 


Ry = 0525 Zt, 


4 for transformers 100 Kva or over 


if Ze is not known, approximate 2, o 
4% for transformers less than 100 Kva 


Ze = 


REA Line Impedance 


To find the line-to-ground impedance to any point on the system, use the 
following values of impedance per mile: 


Copper Conductivity Size Rr Xr, 
1/0 0.723 1.124 per mile 
2 1.00 a a 
4 1.6% y ie aca dine 
6 2.45 i 
8 5074 os 
94 5.0 JS eugene 
2 7.36 8 lca 


Multiply each of the above values by the number of miles of each con- 
ductivity size from the substation to the point being considered. 


(A table is given which will facilitate this. See table I for Average 
REA Single Phase Line Impedance, page 35) 


Note: The above impedance values are for multigrounded lines and are 
average values. If more accuracy is desired, use the appropriate values 
in the single phase impedance column of table II titled "Impedance of 
REA Lines - Standard REA Spacings," page 36. 


If two or more different sized conductors are used from the substation 
to the point, add the total resistance to the first size to the resist- 
ance of the next size to the point, and add the total reactance of the 
first size to the reactance of the next size, etc. 


Total of Impedances 


To find the total impedance to each point, add the reactance of the 
source as determined under (1), to the reactance of the substation trans- 
former 2, plus the reactance of the REA line 4%. Add the resistance of 
the source 1 to the resistance of the substation 2, plus the resistance 
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of the REA line to the point 3. Then, total impedance to the point 
equals the square root of the sum of the square of the total resistance 
plus the square of the total reactance. 


Z= Re + Xe (6) 
and shy = EL, ‘oe. 


ya 


Ordinarily any drop in HE, is neglected, and Ey is taken as the voltage 
at the substation. The circle diagram charts in the text may be used 
instead of formulas (6) and (7) (pages 37 and 38.) 


Three Phase Faults 


Source Impedance 


(a) Large System 


Seen tr) ) 
o {i W 3) Ba(ir)e 
foe A 3) (8) 


(Iz,) (Eg(p-1)) 
Where Iz, is the three-phase fault current at the substation. 


(bd) Small system or REA plant use direct axis transient reactance 
only, and apply formula (2). 


Note: For any tie line, use three times the positive sequence 
values only, and convert to REA voltage by multiplying by 


Ere 
Es(L-L) 
Substation Impedance 
Use formula (5) as before. 
REA Line Impedance 
Use resistance and reactance values under impedance to positive or 
negative sequence current for three-phase lines in table II entitled 


"Impedance of REA Lines", page 36. 


With these values, proceed as before using formulas (6) and (7). 


Line-to-Line Faults 


Source Impedance 


(a) Large System 
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(bd) Small system or REA plant. 


For X, and X, use formula (2) 


- X, (transient) +X» (negative sequence) 
re ee ee A Nicorette Sd ania cad 
Xg 9 e (10) 
Valen” 
Note: For any tie line, use 2\/ 3 times the positive sequence 


aig values, and convert to REA voltage by multiplying by 
E 
L 


Es(L-L)° 
2. Substation 
2, (percent ) (E,)° (2) 


Z ohms) = 
t ( (KVA per phase) (100, 000) the te (11) 
3. Lines 


Multiply impedance to positive or negative sequence currents, 
2 


V3 
Then Z = ‘hee x 


and I; = wr as in formulas (6) & (7) 
Ws 


Table II, by (12) 


Fault current on Supply Side 


A current on the load side of the substation of course causes a current 
to flow on the supply side. The following formulas apply for delta-wye 
banks only. 


1. For line-to-ground fault 
Hy 


es I, * (15) 


Dst* 


2. For three phase fault 


5 all t (14) 


Es(L-L) . 
4. For a line-to-line fault 
2 Ey ae 
L-=>— I 15 
Op ad Teale} L 


* Note: aa is not necessarily the same in all three phases. The 
formulas give the maximum supply currents in any one phase) 
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IV. 


Ordinawd ly it is only necessary to calculate the three phase and line- 
to-line fault currents at the end of the section controlled by the section- 
alizing devices at the substation. 


Minimum Values 


In computing minimum fault values, simply use the minimum number of machines 
under 1, source impedance. In addition, if the capacity of the plant is 
about the same as the demand on the project (i.e., the plant serves little 
or no other load besides the project), the positive sequence reactance used 
in formula (2) should be increased to allow for machine decrement. A value 
between the transient and the synchronous may be used, the exact figure de- 
pending on judgmert. In most cases of this kind, REA has used a value of 
HO CO 55% for conservative results. For large sources of supply, the supply 
impedance is small and the decrement is therefore relatively unimportant. 
Also, add a value for effective fault resistance to the R component. This 
value is subject to judgment and may be from 0 to 1000 ohms, but 30 or Xe) 
ohms resistance are average values to use for line-to-ground faults. 40 
ohms is a more conservative value, and is recommended. For other types 

of faults, neglect fault resistance. 


Such factors as decrement, automatic voltage regulators, load, etc., have 
been neglected or assumed in the above outline, since too much labor is 
required to accurately evaluate these effects. For ordinary work, the 
slide rule is sufficiently accurate for all practical purposes. 


The engineer should take care in using spécial slide rules or nomographs 
in calculating fault currents on REA projects, since most of these de- 
vices are not calibrated for calculations on multigrounded circuits. 


Furthermore, such devices are based on the assumption that the impedances 
may be added algebraically, which results in a rather large error on wire 
sizes used on REA projects. 


Typical decrement curves in handbooks should also be used with caution, as 
these neglect circuit resistance and assume no automatic voltage regulation. 


After calculation of the short circuit currents, put the values directly 
on the map opposite each sectionalizing or other point. (See Example). 


Selection of Sectionalizing Devices 


Automatic and non-automatic devices can be used. Under automatic, the two 
general groups are (1) fused cut-outs and (2) reclosing breakers. Non- 
automatic devices can be used in many cases where automatic operation is 
not possible, and consist of disconnect switches of all descriptions. ' 


The fused cut-out may be single-, two-, or three-shot. In any case, the 
fuse link or links must be replaced after blowing. The reclosing breaker, 
on the other hand, will operate indefinitely without attention, unless a 
permanent fault, such as a conductor break occurs. 


Of the automatic devices, fused cut-outs will generally be cheaper in first 
cost, but will be more expensive to maintain than breakers. Single-shot 
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cut-outs can be coordinated more easily than two or three-shot cut-outs, 
but on the other hand cause more outage time. Only a complete study of all 
factors can determine the best combination. Generally, at least two-shot 
cut-outs should be placed on every important branch line. In cases where 
gapped transformers are used, reclosing breakers must be used to section- 
alize the branch with these transformers and protect the remainder of the 
system against outages on lightning flashover. In other cases, it may be 
the judgment of the engineer that reclosing breakers will pay for them- 
selves in reduced maint:nance costs. Since temporary faults are usually 
very much in the majority, single-shot cut-outs will cause a great many 
unnecessary outages. Ail other things being equal, it is preferable to spend 
available funds on reclosing devices of some kind, even if fewer devices 
are installed. 


Switches or disconnecting cut-outs save a great deal of outage time by 
allowing the linemen to isolate the faulty section and restore service to 
the remainder of the system. 


Selection of Fuse Sizes 


For coordination purposes, it is absolutely essential that only one make of 
fuse link be used throughout in the lines on the load side of the substation. 
The fuse on the supply side may, and generally will, be different. 


The first step is to obtain curves and tables of the fuse links to be used 
on the lines. The curves necessary are (A) the total clearing time curves 
and (B) the "damaging" time curves. Curves (B) may not be necessary if 
the table mentioned below (pages 57 & 58) is obtained. These curves show 
current plotted against time for various size fuses. 


(A) Total clearing time curves: These curves are available from most 
fuse manufacturers. If not available, the manufacturer will generally give 
a melting time curve and an "arcing" time curve or table. The total clearing 
time curves can be prepared by adding the arcing time to the melting time 
for each short circuit current, and for each fuse size. These curves repre- 
sent, for each fuse size, the total time taken for the fuse to clear the cir- 
cuit for various fault currents. (See page 60.) 


(B) "Damaging" time curves: These curves are generally not available 
from the manufacturer, but they can be made up by applying a "factor of 
safety" to the melting time curves. For REA work, it is suggested that the 
curve be made by taking 75% of the melting time (in seconds) of a particular 
size for each current. For example, in Figure 1 below, if curve (1) repre- 
sents the melting time characteristic for a certain size, curve (2) will 
represent the "damaging" time. 
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These curves represent for each size the time in which a fuse will be damaged, 
or rendered unfit for further use by various fault currents. 


If fusing tables such as on pages 57 & 58 are obtained, it is only necessary 
to plot damaging time curves for the fuse on the supply side of the substation. 
If such tables are not available, damaging time curves must also be made for 
the fuses on the load side. Total clearing time curves should be plotted or 
obtained for fuses on tne load (REA) side in any case. 


Some manufacturers make a fuse filled with powder which, it is said, aids in 
extinguishing the arc. In such cases, the "melting" time curve is generally 
called a "heating" time curve. 


The next step is to select the fuse at the substation so ag to protect the 
substation transformers against any fault current likely to occur. 


Substation 


AE ae 
wie | jo miles | 
ORY bf 


Figure 2. 


Each fused device may be thought of as being in charge or control of all the 
line on the load side of the device up to the next device in series with it, 
in the direction away from the substation. 


In Figure 2, the fuses at A must operate for fault current in its controlled 
section ABC before the substation transformers are damaged. Fuse B controls 
section EB, and fuse C controls section CD. 


Due to the relative slopes of the transformer damage time curve and the fuse 
clearing time curve, the minimum current in the section under control is the 
one to be checked. (See Plate "F", page 64.) If the fuse protects the trans- 
former for the minimum fault current, the fuse will also protect for any 
greater current. This is not necessarily true for circuit breakers. 


Since point C is further from the substation than point B, in Figure 2, this 
means that with minimum fault current at point C, fuses at A must protect 
the substation against damage. The fuses at C are assumed to take care of 
faults beyond C. This minimum current may be either a line-to-ground, three 
phase, or line-to-line fault current. 


Curve sheets 1A, 1B, and 1C, pages 39, 40 and 41, show the A.S.A. proposed 
curves for permissible short time overloads of transformers. Plot the curve of 
the particular substation transformer size used on the project, on the sheet 

of the total clearing time curves of the fuses used. Now on the current scale 
of these curves, find the minimum current at point C. Select a tentative fuse 
size rated at about double the capacity of the transformer bank. 
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For a single shot fuse at A for the above minimum current, if the total clearing 
time of the fuse is less than for damage of the transformer to occur, the fuse is 
safe. For a two-shot fuse, multiply the total clearing time of the fuse by two, 
and compare with the failure time of the transformers for the same current. If 
the total fuse time is lower, the fuse is safe. If higher, a lower rating must 
be used. For a three-shot fuse, multiply the clearing time by three, and pro- 
ceed as above. If the first shot, or the first two shots, are tentatively to be 
fused at a lower value than the last, simply add the total clearing times of all 
two or three fuses for the particular minimum current and compare with the trans- 
former damage time as before. The total clearing time of the substation fuses 
must be less than the time taken to damage the transformer on minimum fault 
current in the controlled section. This process neglects any cooling due to 
time-delay between shous, and is therefore conservative. In order to provide 
margin for sectionalixzing on the remainder of the project, the fuses at the sub- 
station should be made as iarge as possible, while still maintaining safe pro- 
tection of the substation. 


It is practically impossible to protect the substation transformers against over- 
load by the use of fuses, and still obtain the necessary number of sectionalizing 
steps on a project, A thermal indicator, either visual or with alarm system, can 
be used to indicate long-time overloads. Next, a check must be made to see that 
the substation fuse size so selected coordinates with the fuse or breaker on the 
Supply side of the transformer. To obtain the fault current referred to the 
supply side, use formulas (13), (14) and (15). 


ty should be the maximum fault current right at the substation on the load (REA) 
Side. Determine the total clearing time of the load side fuse at the maximum I 
(right at the REA side of the substation). If two-shot, multiply this time by b 
and if three-shot, multiply by 3. If different fuse sizes are used, add the total 
cleari times of the fuses in all shots. Compare this time with the damaging 
time (37 of the melting time) of the tentative fuse selected for the supply side 
at the I, determined by (13), (14) and (15). If the time of the REA side fuses 

is less, the coordination is probably satisfactory. If more, either the REA fuse 
sizes must be reduced, or the supply side fuse size increased, 


Since the characteristic of the supply side fuse link is different from that of 
the load side fuse link, coordination at maximum current may not necessarily 
indicate such coordination over the entire range of possible fault currents, al- 
though this is the usual case. To make such coordination certain, the complete 
characteristics should be plotted and compared. (See Plate "F", example.) Since 
the current conversion formulas indicate a much greater relative difference be- 
tween load and supply currents for a line-to-line fault than for the other two 
types, the line-to-line fault current will usually be the criterion insofar ag 
coordination between supply and load side devices is concerned. However, it will 
often be found that the supply side fuse is so lithited in size by the supply 
organization that it is not possible to obtain coordination on this basis and 
still use the necessary devices on the REA lines. In this case, the three-phase 
fault, or line-to-ground fault conversion formula is used, and it is assumed that 
the supply fuse will blow for the occasional times that other types of faults 
occur. 


Close cooperation with the power supply organization must be obtained in 
selecting the supply side fuse. No fuse should be selected without the supply 
organization's approval. If the substation is supplied by an REA plant, the 
Supply side fuses must naturally be coordinated with any sectionalizing devices 
in the plant. 
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No account is taken above of the cooling effect due to time delay of the 
cut-out on the REA (load) side. No accurate method, short of actual test, 
can accomplish this. Judgment may be used on the part of the engineer in 
borderline cases. If there ig a breaker on the supply side, the time of 
the load side fuses, as determined above, should be less than the first 
opening time of the breaker for the range of fault currents encountered. 
The breaker time or relay time can generally be obtained from the power 
supply organization. 


The size of the fuses at the substation are now definitely known. 


Now proceed to the jast sectionalizing point on the system. On a distribu- 
tion transformer failure, the fuse at this point should withstand the maxi- 
mum short circuit cvrrent at this point while the transformer fuse blows. 
In other words, the last sectionalizing fuse should coordinate with the 
transformer cut-out fuse immediately beyond it. (For exceptions, read re- 
mainder of text.) The following table is recommended for distribution 
transformers. 


Table 
Transformer rating, 
ere a ee 
Transformer Fuse rating, 
Amps 2 2 3 5 2 
Source 
Frolecled Frolecting 
KE ee 
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Figure 3. 


Figure 3 illustrates the general principles of coordination. Fuse (1) 

is called the protected fuse and fuse (2) the protecting fuse. For 
perfect coordination, fuse (2) must clear the circuit on a fault anywhere 
beyond it (in the section controlled by fuse (2)) before fuse (1) ta 
damaged. If (2) is a two-or three-shot, all two or three fuses should 
clear before any fuse at point 1 is damaged. For this reason it is more 
difficult to coordinate two- or three-shot fuses in the order named than 
single-shots. 


Due to the inherent characteristics of fuses, the maximum current in the 
section controlled by fuse (2) is the determining current, which means 

the maximum fault current at point (2) should be used in coordinating the 
fuse links. This rule holds good only so long as the fuse links are of 
the same type. If links of different type or manufacture are used, co- 
ordination must be checked over the entire range of fault currents in the 
section controlled by fuse (2). (For example, load and power fuses at the 
substation. ) 
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In case of the last line fuse on the system, point (1) represents the sec- 
tionalizing fuse, and point (2) the transformer fuse immediately beyond it. 


Most fuse link manufacturers have now published tables which make such co- 
ordination very simple (see example for sample table). The values in the 
left hand column are the protecting fuse ratings (2) and the values across 
the top, the protected fuse ratings (1). The values in the table then show 
for what short circuit currents fuse (1) will be protected by fuse (2). 
These are maximum values; in other words, for any short circuit current 
greater than that shown, fuse (1) will be damaged, and hence a larger size 
must be used, or the position must be changed. The fault is assumed to 
occur just beyond position (2). For example, assume the maximum fault cur- 
rent at the last sectionalizing point is 4o amperes, and the distribution 
transformer cut-out fuse is rated 2 amperes. It can be seen from the sample 
table that a 5 ampere fuse will be "protected", by a 2 ampere fuse up to 60 
amperes, and hence is satisfactory. A 3 ampere fuse is not satisfactory 
Since no value is given in the table for a 2-3 combination. If the fault 
current were greater than 60 amperes, it would be necessary to go to an 

8 ampere fuse on the line. 


Now a check must be made to see that the 5 ampere fuse is not too large to 
blow under minimum fault current at the extreme end of the line. This is 
done by making sure that the minimum fault current is greater than the 
current to blow the fuse in 100 seconds. This can be obtained from the 


total clearing time curves of the fuse link used. 


This check is important, and should always be made. Furthermore, in cases 
of long systems connected to small plants and substations, this check 
should be made for every line fuse on the system; i.e., each must blow 

on the minimum fault current at the next sectionalizing point, in other 
words, at the end of its controlled section. Ordinarily, the above checks 
are necessary at only one or two points, but if there is any reasonable 
doubt as to a fuse blowing, a check should be made in each case. 


Assuming that the 5 ampere fuse is safe, this rating is now definite and 
the size of the next fuse toward the substation must be determined. The 

> ampere fuse now becomes the "protecting" fuse, and the next one toward 
the substation, the "protected" fuse. Here the same procedure is repeated 
as before. The protected fuse must withstand the maximum fault current 

at the position of the 5 ampere (protecting) fuse during the time the 5 
ampere fuse is blowing. Assume this current is 60 amperes. It can be 
seen from the table that a 5 ampere fuse (left column) will protect a 10 
ampere fuse up to 60 amperes. Hence, a 10 ampere fuse is satisfactory 

at the next point. 


If a 5 ampere fuse is two-shot, however, it will be necessary to go to a 

15 ampere fuse at the next point, as the table shows coordination only 

up to 25 amperes for a two-shot 5 ampere fuse with a 10 ampere fuse. If 
the 5 ampere fuse is used in a two-shot, the table shows a 15 ampere 

fuse in the next step will be satisfactory. Assuming a two-shot fuse, 

the 15 ampere size is selected, and now becomes the protecting position, 
and the next fuse in line becomes the "protected" position, and the process 
is repeated for the maximum fault current at the 15 ampere position. 
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This method of selection is continued until the substation fuse is reached. 
The size of this fuse has already been selected from other considerations, 
and the next fuse farther out must coordinate with the substation fuses. 

If the substation fuses are not large enough to withstand the maximum fault 
current at the next sectionalizing point farther out while the fuses at 
this point are blowing, then the size of the fuses at thie sectionalizing 
point must be reduced. This may in turn necessitate any one of the fol- 
lowing steps: 


(1) Reduction of all fuse sizes, clear out to the end of the 
system, 


(2) Replacement of some three-shot fuses by two-shots, and 
some two shots by single-shots. 


(3) Elimination of one or more automatic sectionalizing 
points, replacing with non-automatic switches, if de- 
sired. 


Whenever a branch line taps off the main line, and is fused, this fuse 
must be coordinated with the next fuse in the direction of the substation 
as before. Every line fuse should, if possible, coordinate with the pri- 
mary transformer fuse next to it. 


When internally fused transformers are used, it is usually difficult, if 
not impossible, to coordinate the line fuses near the ends of the lines 
with the internal transformer fuse, and still provide sufficient section- 
alizing points on the system. In most cases, such transformers have 
secondary breakers, which render the situation less serious. However, in 
Some cases, an interruption of service may be necessary until the damaged 
transformer is located. 


Fuse curves can also be used for coordination in place of the tables. 
The method of coordination is to make sure that the total clearing time 
of the protecting link point (2) is less than the damaging time of the 
protected link point (1) for the maximum short circuit current at the 
position of the protecting link. For two- or three-shot fuses, the 
total clearing time of the protecting link must be multiplied by 2 or 3, 
if the reclosings are instantaneous, or by some lesser factors if there 
is time delay in reclosing. The tables, which are generally compiled 
from actual tests, take all these factors into consideration, and are 
hence much more accurate. 


Expediencies: 


In some cases, where an insufficient number of sectionalizing devices can 
be used, various methods can be used to install additional devices. For 
example, a single-shot 5 ampere fuse might have been used in the first 
position above instead of a two-shot. Then, a two-shot 5 or 8 ampere 

fuse could be used in the next position, and possibly a three-shot 5 or 

8 ampere fuse in the next position toward the substation. By this means an 
additional device or two in series may often be added. This is purely an 
expediency, however, and should be used only as a last resort. Linemen 
must be instructed to replace all fuses at all of the two or three posi- 
tions upon fault beyond the last one, as all fuses are likely to be damaged. 
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Sometimes, if perfect coordination of two or three shot fuses cannot be 
obtained, the best possible combination is recommended, with instructions 
to the project to not only replace the blown fuse links but also the first 
fuse link in the preceding cut-out toward the substation, even though this 
fuse link appears to be undamaged. In fact, the latter rule is a good one 
in any case. 


Another aid in sectionalizing is to use a three-shot at the substation with 
the first cartridge fused light, and the others according to needs for coordi- 
nation. Temporary trouble on the lines blows the first fuse, which is easily 
replaced, as it is generally near the office and hence saves a trip by the 
linemen. The first cartridge fuse must, of course, carry the load current. 


Another method is to eliminate the distribution transformer cut-out fuse 
from consideration. In other words, the last sectionalizing fuse is made 
about the same size as the transformer fuse, or at times, even smaller, 

and is allowed to blow when the transformer fails. The method of opera- 
tion when this occurs is to short out the line fuse with a jumper on a 

hot stick, thus burning out the transformer fuse or internal link and clear- 
ing the line. In this case, the next line sectionalizing device toward 

the substation must be made large enough to hold in while the transformer 
fuse blows. This method is generally more applicable with internally fused 


transformers, if the internal fuse rating is high. 


Where the above method of shorting out the line sectionalizing device to 
blow the transformer weak link is used, a check should be made to see that 
there is sufficient minimum current to cause the weak link to melt. 


Coordination of Breakers and Reclosers 


Breakers for REA lines may be placed in one of two classes: (A) mag- 
netically operated; (B) operated by relay. 


Magnetically Operated Breakers (opened by means of a coil) 


Magnetically operated breakers are not subject to thermal limitations 
and hence breakers of thie type reclosing two or more times may be co- 
ordinated with each other just as though they had only one opening. 

The method is to compare the first opening curves of the protected and 
protecting breaker. The time of opening of the protecting breaker must 
be less than the time of opening of the protected breaker for all 
ranges of fault currents to be expected. 


It is necessary that there is sufficient minimum’current at the end of 

each controlled section to operate the controlling breaker. For example 

in figure 4 there must be sufficient minimum current at the end of the 
section controlled by breaker (2) to provide pickup for breaker (2). The 
same applies to breaker (1). Furthermore, the control zones should overlap 
sufficiently so that there is no possibility of any section being unpro- 
tected. This can be accomplished by allowing ample margin between the mini- 
mum breaker pickup and the minimum current in the controlled section. The 
manufacturer supplies data in regard to minimum pickup. (See page 61) 
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This check is particularly important for this type of breaker. ~(This in- 
cludes breakers such as the G.E, FP-119.) 


In cases where breakers are used to protect a substation it is sometimes 
desirable to provide additional protection for the substation transformers 
for currents below the minimum trip current of the breaker. This may be 

done by checking the protection given by the supply side fuse, or if this 

is inadequate, a fuse may be ‘nstalled between the breaker and the substation 
which will have a time-current characteristic greater than that of the break- 
er for the breaker operating range, but which will give additional protection 
for fault currents below which the breaker will not operate. 


The above procedure may be unnecessary where the fault currents are more 
than ample to operate the breaker, but does offer a second line of defense 
in borderline cases. It is not possible, however, to give long time over- 
load protection with such overcurrent devices. 


Profecled Froleching 


Source Breaker Breaker AER 
ba (2) (EN el ater ape 
Figure 4. 


Reclosing breakers can also be coordinated in some cases by varying the 
number of reclosings. For example, the protecting breaker can be made for 
two reclosures, and the protected breaker for three, etc. This method is 
not generally recommended, but may be used in occasional cases. 


Breakers of all types can also be coordinated with fuses by comparing the 
proper characteristics. Magnetic breakers generally have an entirely differ- 
ent time-current characteristic than fuses, and hence are more difficult to 
coordinate than fuses alone. 


IE ety oe First Opening lime 


Tine 


Fuse fofa/ Clearing Time 


i Current 

If the fuse is protecting the breaker, the total clearing time fuse curve 
should lie entirely to the left of the first opening time curve of the 
breakers as in Figure 5. This is the condition which must be fulfilled 
where the transformer primaries are fused, or there are line fuses beyond 
the breaker. In some cases, if the breaker has three reclosings, and the 
fuse is a single-shot, the second opening time curve corrected for heating 
of the fuse may be used instead of the first (curves generally obtainable 
from the manufacturer.) (See page 62.) In other words, the breaker may 
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initially open before the fuse on a fault beyond the fuse, but the fuse 
is so heated that on the second reclosing of the breaker the fuse will 
immediately blow. This method should be used with discretion, however, 
and is obviously not so desirable if the fuse is a two-shot. 


If the breaker is protecting a fuse, Figure 6 applies. 


Breaker Curve 
Healing Effect fo LockouT 


“-—- Fuse Dama ge Curve 


Time 


Current 


Figure 6. 


The damaging time of the fuse for the range of short circuit currents 
expected must be greater than the time of the breaker, corrected to 
account for heating of the fuse during reclosures as in Figure 6. 

Most manufacturers will give these data. This is generally the case 
where a breaker is used on the load side of the substation, and a 
fuge on the supply side. The current passing through the supply side 
fuse must, of course, be obtained by correcting by the ratio of trans- 
formation as indicated above. If the breaker opens only once and does 
not reclose, the opening time curve may be used. 


Relay-Operated Breakers 


Breakers controlled by relays are used primarily in power plants supply- 
ing the project and occasionally at the substation. The most usual type 
is the overcurrent relay. In coordinating the relay, the time-current 
characteristics of the relay must be compared with the characteristics 
of the next device in series with it. 


There are three general types of overcurrent relays in use: the solenoid 
plunger-type with and without time delay, and the induction type. For 
coordination purposes, it is preferable to haveva relay with time-delay 
tripping, as otherwise the relay must be set very high to avoid improper 
operation. The solenoid plunger-type is usually used in small plants, 
and usually carries the total current. There is a calibrated set-screw 
or other device on the relay which determines its tripping current. The 
induction type, however, is almost always connected to the main circuit 
by means of a current transformer, In order to properly set the relay, 
it is therefore necessary to know the current transformer ratio. 


ki 


wy ® 
mabe 


aye 


“y 


ME 


a 


VII. 


The induction relay has two methods of adjustment: (1) by changing the 
current tap setting, and (2) by changing the time lever setting. The 
current tap setting determines the minimum "pickup" current point, 
while the time lever setting determines the amount of time delay in the 
tripping. The tripping characteristics are usually stamped on the face 
of the relay. 


For example, suppose the current transformer ratio is 200 to 5 and the tap 
setting on the relay is 4 amperes. This means that the minimum closing 


current (100 percent point) is 200 (4) = 160 amperes. The relay field 
5 e 


is too broad to cover in a short paper. Suffice to say that there are a 
large number of different types of relays. The general method in each case 
is to compare time-current characteristics for coordination purposes. 


In protecting a substation transformer with a breaker of any kind, the en- 
tire relay curve should be plotted and compared with the transformer "damage" 
curve, as it is not sufficient to check the breaker for only minimum current 
in the controlled section. 


Current -Interrupting and Carrying Capacity 


It is now necessary to see if the cut-outs or breakers are of sufficient 
capacity to interrupt the maximum fault current to be expected through each 
device. Cut-outs for 7200/12500-volt REA lines are specified to interrupt 
current as follows: 


50 ampere rating - 1,200 amps. 
100 ampere rating - 3,000 amps. 


The interrupting rating of a breaker is usually stamped on the name plate or 
given in the data sheet. The interrupting check on a breaker is very impor- 
tant and must be made in each case. The fuse or other device on the supply 
side of the substation must be checked to see that it has sufficient capacity 
to interrupt the maximum fault current on the supply side. The manufacturer 
will furnish interrupting ratings. 


Current-Carrying Capacity: Fuse links and breakers are also rated according 
to the continuous current carrying capacity. It is necessary to check the 
maximum load current passing through each fuse or breaker to see that it can 
safely and continuously carry that current. These loads have usually been 
determined in a previous voltage regulation study or if they have not, curve 
Sheets 3a, 3b and 3c may be used in estimating the maximum load current. The 
safe current carrying capacity of a fuse is simply the value of the fuse size 
(1.6; 5 amps., aoe: It is also necessary to check the cut-out rating. 

For example, any fuse over a 50 ampere rating must be used in a 100 ampere cut- 
out. (Some manufacturers have special fuse ratings to avoid this.) The 
breaker rating is specified on the name plate. 


To facilitate the work, the current carrying the interrupting ratings can be 
checked at the same time the coordination work is done, so that a fuse size 
or breaker selected for coordination can be immediately checked for proper 


current rating. 
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Sectionalizing in General 


In making studies baged on the use of different types of devices, a chart 
of the time-current characteristics is usually helpful as it shows the 
coordination visually. Log-log paper is the best. It is necessary to 
transfer all currents to a common base (usually 7200 volts) to show all 
relationships. The substation transformer damage time curve should also 
be shown. (See example, Plates "F" and "G", pages 64 and 65.) 


A study of this type should always be made before purchasing additional 
sectionalizing devices, particularly expensive devices such as breakers. 
Promiscuous purchase of devices is dangerous and uneconomical. 


In many cases, it may be impossible to obtain the desired number of auto- 
matic sectionalizing devices. In these cases, manually operated switches 

of one sort or other are effective. For the three-phase lines, it may be 
preferable to have a three-pole switch, operated from the ground. Single- 
phase lines can advantageously use inexpensive blade switches, disconnecting 
cut-outs, operated by hook stick, or hot line Clamps. Use of such devices 
depends on the economic justification for them. 


Where there are a number of three-phase motors on a project, either three- 
pole breakers should be used on the lines or each motor should be equipped 
with overcurrent protection on at least two phases of the starter, in 
order to prevent motor burn-up. In addition, the transformer bank should 
be connected with floating neutral (see Operations Memorandum #15.) Where 
distribution transformers on a tap are equipped with gaps instead of ar- 
resters, reclosing breakers must be used to control this tap, as fuses 
would blow too often due to gap operation. 


In bad lightning areas, lightning may often be the cause of fuse or breaker 
outages. This is particularly true where there are no arresters for a 
mile or so on each side of the fuse. Often, on a three-phase or "V" cir- 
cuit, no transformers, and hence no arresters, are connected to one or 

two of the phase wires at the position of the sectionalizing device. In 
such cases, the installation of an arrester near the device will quickly 
pay for itself in reduced outage time. 


Adequate sectionalizing may very often raise a question as to the length of 
lines run from a single substation. With present devices, it is diffi- 
cult to sectionalize properly with extremely long lines. In some cases 

the fault currents may be very low. Such considerations may point to the 
use of smaller units of line, fed from two or more substations, rather than 
large projects fed from a single source. 


Such a question is, of course, tied up with the rate and power supply ques- 


tion, but sectionalizing problems may require serious consideration of 
alternate possibilities of power source. 
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Completion of Work and Instructions to Project 


After making all studies, and selecting fuse and breaker sizes, a com- 
plete map of the project should be prepared, with the selected apparatus 
and sizes clearly indicated. Several copies should be left with the 
project management and a copy sent to REA. Copies of all original data 
and calculations should also be left with the project. 


The project should instruct its linemen to always replace a fuse by a 
link of the proper size and make. Linemen should have a copy of the sec- 
tionalizing map, and an ample stock of all sizes of links. 


It should be understood that a theoretical study will not always give 
perfect results in practice. It may be necessary to change fuse link 
sizes, or move breakers, as dictated by experience. It is very danger- 
cus, however, to increase fuse or breaker sizes just to keep from making 
trips. Rather the trouble shoulda be cleared up at its source. A change 
in fuse size, or a breaker replacement or adjustment, should be made only 
by authorization of the superintendent or manager, after careful consider- 
ation and with conclusive evidence that the presently used sizes do not 
coordinate properly. Such changes should then be made on the map, and 
operation continued as before. 


Fuse links may often be at the seat of difficulties on a project, and it 
may be necessary to try a different kind. If this is done, a re-study, 
using the new brand, should be made. Different makes of fuse links must 


not be mixed on lines receiving power from the same substation. If any 
change is made, it should be complete. 


When any changes are made to the project, such as additions or revisions 
of line or increase in size of the substation, a supplementary study 
should be made to keep the sectionalizing program up to date. 


No automatic devices should be purchased until it is certain that they 
will fit into the coordination scheme, and are economically feasible. 


Protection of Distribution Transformers 


Some of the points involving distribution transformer protection have al- 
ready been sketchily outlined. This section will give a general method 
for more scientific methods of calculating proper size apparatus for such 
protection. 


Transformers may be protected by devices on the primary, the secondary, 
or on both sides. Various devices, such as fuses or breakers, either 
internal or external, may be used. Some manufacturers make transformers 


with secondary breakers as an integral part of the transformer, and in 


such cases, the device is presumed to give adequate protection from faults 
or overloads on the secondary side. This discussion will not concern it- 
self with such cases, ag the setting of the breaker is fixed by the manu- 
facturer. The service length, however, is the limiting factor in installa- 
tions of this kind. 
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Fused Protection 


Primary side 


Ordinarily, fuses can protect only against fault conditions on 

the secondary side. If the fuse is set so as to give protec- 

tion against overload, it will be of such a low rating as to 

give too many false operations from other causes such as lightning, 
vibration, birds, or improper coordination with fuse and breaker 
ratings on the consumer's premises. 


Curve sheets 2A and 2B, pages 42 & 43, give the fault current on 
the primary of the transformer for different size units and for 
different lengths of service line. These curves are based on a 
transformer impedance of 3.5%, which is generally greater than 
the impedance of those now in use, and hence the curves are con- 
Serveative. Fault resistance and primary line impedance have not 
been considered in the curves on sheets 2A and 2B. Since both 
the transfczmer damage curves in shoet 1C and the 3.5% impedance 
value used are conservative, it is probably not necessary to add 
further safety factors for these other impedances. In fact, in 
some cases, the 3.5% impedance value may be somewhat too great, 
in which case the engineer can make up other curves based on a 
lower impedance value. For transformer impedances greater than 
3.5%, the curves should be used with discretion. 


If the primary fuse is to give protection for secondary faults, it 
must be selected so that it will clear the circuit on the minimum 
possible fault current before the transformer is damaged. It can 
be seen from curve sheets 2A and 2B that insofar as the primary 
fault current is concerned, a 120-volt secondary fault on a 3-wire 
240/120-volt service gives the least primary fault current for any 
length service. 


Suppose it is assumed that a 2-ampere Super #XX-1D fuse is to be 
used to protect a 5 kva 7200-240/120-volt transformer. The next 
question becomes: "What is the maximum length of service for 
which this fuse will give adequate protection to the transformer?". 


Curve sheet 1C, page 41, gives the proposed A.S.A. standard for per- 


missible emergency short time transformer overloads. As the transformer 


is connected for 3-wire service, each secondary winding is rated for 
only half capacity, and the primary rating, insofar as damage to the 
transformer is concerned on a 120-volt fault, is only half the 5 
kva rating. Hence the primary current values on the damage curve 
are only half those of the regular 5 kva damage curve for the same 
time values. For a two-wire secondary (secondary coils in parallel) 
the full primary damage cuyve would be used. On plate "B", page 60, 
is plotted a short section of the damage curve (taken from curve 
sheet 1C of the 5 kva (3-wire) transformer. 
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It can be seen that it intersects the 2-ampere fuse curve at 13.3 
seconds. From Curve sheet 1C at 13.3 seconds, we find a value 

of 11.1 times normal. In other words, for a primary current of 
less than 11.1 times normal, the transformer will be damaged 


before the fuse clears the circuit. Turning now to curve sheet 


cA, we see that at 11.1 times normal primary current for a 
120-volt fault on a 3-wire service, the service distance for a 
5 kva 3.5% impedance transformer is 95 feet for a #8 service, 
155 feet for a #6 service, and 240 feet for a #4 service. Any 
distances greater than these would be dangerous. 


For @-wire services, curve sheet 2B, page 43, is used, and the 
damage curve of the total transformer rating is applied. For 
example, suppose the question is as follows: Will a 2-ampere 
Super #XX-1D fuse protect a 14 kva transformer on a 200-foot 
2-wire #6 service? 


From curve sheet 2B we see that a 200-foot, 2-wire #6 service 
gives 19.15 times normal current on a 14 kva transformer. From 
curve sheet 1C the transformer will be damaged on a 19.15 times 
normal current in 5.9 seconds. The actual current on a 7200- 
volt base for the 14 kva size is 3.99 amperes. From Plate "B" 
the 2-ampere fuse will clear the circuit in 10 seconds on a 
fault of 3.99 amperes and hence will not protect the transformer. 


Secondary Side 


For secondary protection, the minimum fault current through 
the fuse may be either on a 120-volt or a 2h0-volt fault, de- 
pending on the service distance. 


Suppose the question is as follows: For what service length 
will a 50-ampere Super #Y2-M2 secondary fuse protect a 14 kva 
transformer on a #6 3-wire service? 


From Plate "E", page 63, showing the time-current characteristics 
of the Super #Y2-M2 fuse link, we see that the damage curve of 
the 13 kva 3-wire transformer (taken from curve sheet 1C) 
crosses the 50-ampere fuse curve at 107 amperes or 17.15 times 
normal. For any values less than this, the transformer will 

be damaged before the fuse clears. Going now to curve sheet 

eA, we find that for a 120-volt fault, an 800-foot service 

gives 17.15 times normal secondary current, while for a 240-volt 
fault, a 1085-foot service gives the same value. Since the 
800-foot service is the smaller, this is the limiting value, 

and is used. If we had selected some larger fuse, the 240-volt 
fault might cause the limiting fault current instead of the 
120-volt fault. 


Suppose the problem was as follows: Will a 60-ampere Super 
#Y2-M2 secondary fuse link protect a 14 kva 3-wire transformer 
with a service length of 300 feet of #8 conductor? 
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From curve sheet 2A, we see that a 2h0-volt fault gives 22.4 
times normal secondary current, while a 120-volt fault gives 
25 times normal. Since the 240-volt fault gives the lower 
value, we test with it. On curve sheet 1C at 22.4 times 
normal current, the time for transformer damage is 4.7 seconds. 
At 22.4 times normal (140 amperes) on Plate "E" the 60-ampere 
fuse will blow in 1.15 seconds. Hence the fuse is safe. 


On any particular job, the engineer, knowing the kind and size 

of secondary fuse to be used, can easily make up tables of maxi- 
mum service length distances for safe protection. Such tables 
can then be given as instructions to the stakers. Similar tables 
can also be made for primary protection. 


3. Primary and Secondary Protection 


Where the transformer has both primary and secondary protection, 
the secondary device is assumed to take care of secondary faults, 
while the primary fuse is only for the purpose of removing the 
transformer from the line in event of failure. 


Breaker Protection 


Breaker sizes or service line lengths can be calculated in much the 
Same manner as fuses. It is only necessary to have the tripping char- 
acteristics of the breaker instead of the clearing characteristics of 
the fuse. 


Coordination of Secondary Fuse with House Fuse or Breaker, and 
with the Primary Transformer Fuse 


It is necessary not only to select the proper fuse or breaker to protect 
the transformer if secondary protection is desired, but this fuse must 
be coordinated with the fuse or breaker in the house, and with the pri- 
mary fuse, either internal or external, in the transformer. The methods 
used are exactly similar to those given above for sectionalizing. The 
clearing time of the house fuse or breaker must be less than the damag- 
ing time of the secondary fuse or breaker on the maximum fault current 
at the house fuse. The secondary fuse or breaker must clear the cir- 
cuit in less time than taken to damage the internal or external primary 
fuse on the maximum fault current at the transformer terminals. 


Curve sheets 2A and 2B will give the secondary fault currents. If the 
transformer impedance is materially less than 3.5%, this value should 
be increased. Characteristic time-current curves of the Protective 
devices can be obtained from the manufacturers. 


The following tables give primary and secondary fault currents for dif- 
ferent transformer impedances for a fault on the transformer terminals. 
Use the percent transformer impedance nearest to that of those used on 
the project. 
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PRIMARY AND SECONDARY FAULT CURRENTS | 
7200 VOLT PRIMARY 240/120 VOLT SECONDARY 


TRANSFORMER PERCENT IMPEDANCE 


120-VOLT FAULT ON THREE-WIRE SERVICE 


10:0; oan Ce 4.00% 
Pri. | Sec.| Pri, Sec. 
24 PE lds 268 92 [2 


: 2.5_| 151 | 20.45 | c28) 8.94 n 
>| 26.1 |as70 | 20.9 [2055 | 27.10 | rous]24.9 | aps 1 
1:3_| 39.2 |as50_| 52.4 [1085 | 26.20] rs7el20.4 hiss 


| 10 92.2 135140 | 41.8 }2510 | 34.8 | 2090/29.7 11780 | 26.1 11570 


19.60 |1178 


240-VOLT FAULT ON THREE-WIRE SERVICE 


FAUT - 
312 8.34 | 250 6.95) 200} 5.95 1179 5.21. ) oes 
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Note: The transformer impedance is increased about 33% for a 120 V fault on 
a three wire service 
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Summary of Steps in Sectionalizing 


Obtain complete data on the project and on the proposed devices 
before starting a study. 


After study of the lines, both on the map and in the field, and 
talks with the operating personnel, make a tentative location of 
the sectionalizing devices. 


Calculate maximum and minimum fault currents at each sectionalizing 
point, and at the ends of the lines. Calculate line-to-ground, 
three phase, and line-to-line faults. 


Select the devices at the substation to give complete and adequate 
protection to the substation transformers from fault currents on 
the lines. 


Coordinate the sectionalizing devices from the substation out, or 
from the ends back to the substation. Revise the tentative loca- 
tions if necessary. 


Check the selected devices for carrying and interrupting rating. 


Prepare written instructions and a map for the operating personnel 
of the project. , 


Work out instructions to the project for service lengths on various 
sized distribution transformers. 
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415-4] DEPARTMENT OF AGRICULTURE 
RURAL ELECTRIFICATION ADMINISTRATION 


TECHNICAL STANDARDS DIVISION 
DATA REQUIRED FOR COMPLETE SECTIONALIZING STUDY 


(Omission of any item will handicap our study) 
I. Map of entire system (Send two copies. ) 
A. Type 


1. Complete system on one sheet. 
2. Scale - Any key map will serve, but preferably about one-half 
inch to the mile. Be sure to show the scale on the map. 

B. Details to be shown 

1. Lines 

Location 

Kind of conductor (A.C.S.R., CWLD., Copper, etc.) 

Sizes of conductors (A.W.G. ) 

Number of phases (1, 2 or 3) (Preferably shown by coloring - 
green for 3 phase, yellow for V circuit, and red for single 
phase. ) 

€. Phase designation. Mark lines to indicate whether phase A, 
B or C, or give combination. 
2. Substations 
a. Location (If more than 1, number so as to correlate with 
diagrams under items ITA and IIB.) 

4. Source of Power 

If the power source is near the substation, indicate the loca- 
tion of the plant. If not, indicate the transmission system 
from which power is obtained. 

4. Fused cutouts on Lines (Do not show transformer cutouts. ) 

a. Location 
b. Type (3-shot, 2-shot, l-shot, or liquid fuse) 
c. Fuse link rating used at present. 
5. Breakers 
a. Location 
b. Rating 
6. Transformers 
If there are any transformers protected by gaps instead of 
arresters, show where these are located. 

7. Indicate the location of any consumer to whom a lengthy power 

interruption would be costly and detrimental. 


ROW D 


II. Substation Information 
A. Diagram of Substation 
Show transformers, all outgoing lines at the substation and with- 
in one mile of it, and the location of every sectionalizing de- 
vice on these lines. This should be a sketch not to scale. 
(See back page for sample. ) : 
B. Other Data (Obtain from transformer nameplate. ) 
Capacity each transformer, KVA 
_Percent reactance each transformer 
Percent resistance each transformer 
Percent impedance each transformer 
(If single 3-phase transformer is used,. give above data per phase. ) 
Exact voltage, line to line, supply side 
Exact voltage, line to ground, REA side 
(If there is more than one substation, number the diagram and 
other data to correspond with I B 2, above.) 
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Sectionalizing Study - 2 


Information Concerning Power Supply 
(Answer A or B, depending on source.) 
A. Private Utilit or large municipal plant 
(Obtain this data from the power source organization. ) 


1. Name of Utility 


Address 
2. Fault Table [Short circuit currents at 
| Substation under normal 
Line to Line Voltage | operating schedule 
at Substation 
Maximum Minimum 


Line to line fault current, Amps. 


Line to ground fault current, Amps. ane ES 
Three-Phase fault current, Amps. a ecceae mie ea 


3. Power Company Requirements — 
What is the maximum size fuse (of same make as now used) or 
breaker current set setting which the power supply organization will 
allow at the supply side of the substation? If a relay operates 
the breaker, give the maximum tap and time lever settings al- 
lowed. (See also IV.) Detail 


B. Smale Utility or Municipal Plant, or REA Power House 


Name of organization supplying power 


Address sciante acrrcon iether ooeael te 
2. Give distance between the substation and the power house in miles. 
3. Size and kind of conductor between the substation and this plant. 
4, Plant data 

&. Prime Mover Generator 

Unit| Reciprocating 


Engine Turbine, nas as Manufac - 
or Diesel? 


b. Units running under normal Operation Schedule 
1. During minimum load 
2. During maximum load 
Line to line Voltage 
pe What is the maximum size fuse (of same make as now used) or breaker 
current setting whi which this organization will allow at the supply et. eide 
of the substation? If a relay operates the breaker, mig the maxi- 
mum tap and time lever settings allowed. (See also IV.) Detail 


6. Diagram of Power House 
Indicate on a single line diagram all generators, main lines, and 
circuit breaker controlling the REA feeder. Number the machines 
and breakers to correspond with numbers given in data above. (See 
back page for sample.) 
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Sectionalizing Study - 3 


IV. Equipment Information 
A. Circuit Breakers and Control 


Breaker 

Manufacturer : 
or Style No. *** 5 UIP on 

Current time-delay eye 
dashpot es or no ae 


Substation | Feeder in** |Other (Spec- 
oe Side| Power Plant |jify 


ep) 
S 
| 


Present Current jig 
Trip setting 

Control-Relay 1* {| —_____|_—_—- 
Manufacturer 2% eer ee Se. : 
Control Relay Type rr 
or Style No. O* Ee eS EE el 
Present Relay ee 5 See 
Tap Setting ax ——————— 
Present Relay Time spe eit ae 
Lever Setting ax aie iad Rae ada MOREE Sie 
Relay Current 1* (52 ay (ETE Ge SR 
Transformer Ratio  |2* Ae ee Ee 


Other Details 
(Specify) 


If no breakers are in use, write "none." 

* If more than one type of relay controls the breaker (as overcurrent and 
ground), separate these on lines 1 and 2 for all items. If no relay is 
used, put none in proper space. 

** Fill in this column only if receiving power from REA plant, municipal plant, 
or small utility. 
*** Number on breaker tank. 


B. Fuse Links 


Distribution 
Transformer 


Location: - 


Line i Substation- | Substation- 
; Sectionalizing Load Side Supply Side 


List here the fuses which you would like to have standardized on your project. 


V. Description of Difficulties 


4 A. Describe in detail on the reverse side what difficulties have been ex- 
perienced with your present sectionalizing arrangement. 
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Appendix 


Handy Formulas for Fault Calculations 


A. Impedance of REA Lines (60 cycles) per mile 
D 
oe e 
Ze = Yet 0.0954 + j0.2794 logig R- 


Zim = 0-0954 + J0.279% log, 4 
& 


where Z, = self-impedance of conductor 


Zeom = mutual impedance 


es resistance of conductor 


es one ON 


p = ground resistivity ohms per cubic meter. 
f = frequency (60) 
R = geometric mean radius of conductor 


dab = distance between conductors a and b (or geometric mean distance 
between conductor a and conductor group b) 


For two wire single phase, thoroughly grounded neutral circuit. 
Zy = (, Zan 


where Z, = Impedance of circuit 
Zag = Self impedance of phase conductor 
Znn = Self impedance of neutral conductor 


Z = Mutual Impedance of phase or neutral conductor 


an 


For two-phase wires and neutral ("V" circuit) 
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Hi. 
(Zeke Zan 2pn 
ay Aan te ea [Pay “ee 
i ; nes 
where I, and I} are equal and 120° apart, 
2 
Z 
Z, = 21 - — (1 +a°) + ae Sate 
nn 
2 
22 
ee SS (1+ a) +a Zep 
where 2) = Za, ® Zpp 
Za * Zan * 2pn 


a= - 0.5 + j0.866 


For three-phase wires and neutral 


Assume balanced conditions (no ground current). 


Zr, = Fo + 30-2794 logy, S-H-?: 


where Zr, 


Values of R for various conductors are shown on page 34. 


i = 


G.M. 


hus 


impedance of circuit 


resistance of conductor 


D. 


geometric mean spacing 


(7,055 for 3% conductors) 


geometric mean radius of conductor 


uz - 4 loge SEL = - 9.210 logyg $2} 


permeability 


where u = 
Re 
Yr & 
B. 


geometric mean radius 


conductor radius (actual) 


Formulas for fault currents 


(1) 3-phase fault. 


a 


= 
= 


E 


Sale 


pos 


y= 
an 


en (2) Line-to-ground fault 


oe 2 
a Foe ae Df 
1 2 fe) 
1g 
3 ‘ 
Tae de 270 


(3) Line-to-line fault 


£26 


ea core 
2 > y+ 2a) + Se 


where 
E = Line to ground voltage 


Zy = Positive phase sequence impedance 


Zo = Negative phase sequence impedance 


N 
" 


0 Zero phase sequence impedance 
Zp = Fault impedance 


Lastpo les currents in a, b and c phases. 


C. Delta-Wye transformer bank current conversion formulas. 


(1) 3-phase fault 


Tea * Tep = Lee *\f 3 eee We) 


(2) Line-to-ground fault 


Pa a Ee 
Igo = 0 

(3) Line-to-line fault 
i tn} (I,) 
ne 5 (N) (I,) 

where 
Toa? Tap? Igo? 
4 side. 


Line current in phases a, b and c on delta (supply ) 
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D, 


i a 


. = fault current on wye (load) side. 


= Transformer turns ratio 


-é if for delta-wye bank| 


Es (L-L) | 


Decrement of positive sequence current jin alternators. 


ty 
Qs 
' 


i] 
= iy (T3,) for circuit having negligible resistance 


ape 5 5 
Ta = X, Sab le i Tao for circuit with resistance 


where @, = transient time constant 


hI 
Sy 
oO 
=) 
| 
! 


Xa = direct axis transtent reactance (including line and machine) 


q quadrature axis synchronous reactance. 


Ps 
’ 


direct axis synchronous reactance (including machine and line) 
r = resistance of machine and line. 


a = open circuit time constant. 


ait 
= (Ty - a -" I 


where 


I = positive sequence transient current at anytime 


I, = initial transient current 
I = sustained short circuit current (from synchronous impedance) 
e = 2,7183 


(This neglects the subtransient value and the action of the voltage regulator ) 
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Percent and per unit formulas. 


if dance) = ohms (KVA 
(% impedance) zt IO 
ohms = (# impedance) (KV)®(10) 
KVA 
If KVA is per phase, KV must be the line-to-ground value. 


If KVA is total, KV must be the line-to-line value. 


per unit impedance = bergen’ Smpesance 
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To convert ohmic values from one voltage base to another, multiply by the 
square of the ratio of the line-to-ground voltages. (See above formulas. ) 


Geometric Mean Radius of Conductors 


SE ISLET LIE DI DE DELLE ILE EOI 


Solid round conductor Lens 0.779 r 
Full stranding, non-magnetic 

etrands. woe. 0.726 r 

19 strands | 0.758 r 


gaiaieag'2 Liga Sax 7 <a CR Tape ENT ae RE ae ° 
where r = 5 of actual conductor diameter 


Rectangular section of. sides a and b 0,2235(a + b) 


A.C.S.R. conductors 


2/0 seen aus) keel ne Lee a a 
1/0 OyN55>. —* 
el 0.0502 ao 
2 0.0502 = 
ty aaa * 0.0523 " 
Copper - Copperweld Conductors 
Strands Conductor 
q 7 copperweld 0,223 r 
t 3 copperweld, 4 copper 0.3165 x 
i Solid copperweld 0.207 ¥ 
3 Type A, 1 copperweld, 2 copper0.355 r 
3 Type D, 2 copperweld, 1 copper 0.242 r 
19 7 copperweld, 12 copper 0.564 r 
, 4 copperweld 0,283 r 


where r = 4 actual conductor diameter 
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8.37 


26.72 27.26 
7s. boone [eae] 
169.28 

184.00 | 42.60 


18.7 
26.18 
E fe[v 
44.88 
59.84 
63.59 
| 
89.76 


U.S. DEPARTMENT OF AGRICULTURE 
FOR 
MULTI—GROUNDED LINES 


14.67 “ 
17.93 
26.08 


RURAL ELECTRIFICATION ADMINISTRATION 
CONDUCTOR COPPER EQUIVALENT SIZE 


9.00 |10.98 
17.08 

16.00 

7.00 |20. 74 

18.00 


AVERAGE R.E.A. SINGLE PHASE LINE IMPEDANCE 
EARTH RESISTIVITY EQUALS 100 METER OHMS 


6.74 | 
7.87 | 
15.72 
16.86 
17.98 


7.23 
7.95 
8.68 

57 
13.74 


U.S. DEPARTMENT OF AGRICULTURE 
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Feb. 1941 
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RURAL ELECTRIFICATION ADMINISTRATION 


IMPEDANCE OF R.E.A. LINES 
OHMS PER GIRCUIT MILE 


STANOARO R.E.A. SPACING:?— EARTH RESISTIVITY =100 METER-OFi 3 
IMPEDANCE TO POSITIVE SINGLE PHASE IMPEDANCE : 


OR WITH 
NEGATIVE SEQUENCE CURRENT MULTI— GROUNDED 
SIZE 3 9 LINES NEUTRAL WIRE | 
COPPER CONDUCTORS — 20 ©. : 
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FORM YTS-2 
U.S. DEP'T OF AGRICULTURE 
—+-++—_ 


RURAL ELECTRIFICATION 
AOMINISTRATION 


SECTIONALIZING 
STUDY 


SUB MMEEO-( BY eer eee 
CHECKED pe ee ae Se eae 


TYPE OF FAULT CALCULATED 
(/adicate by check (v) in box provided below) 


THREE PHASE [_] Line To Line L_] LINE To Grounp [_] 
ee ee ee ee ed ee A Se ea 
A —IMPEDANCE OF SOURCE 


|. PLANT 7 ohms 
(a) DIRECT AXIS TRANSIENT REACTANCE — FULL LOAD- - - - - --- 
(b) NEGATIVE SEQUENCE u —— ee a 
(c) DIRECT AXIS TRANSIENT REACTANCE —MINIMUMu - — - —-— -- 
(d) NEGATIVE SEQUENCE u Bas ft ee Bee. 2 
(e) (a) +(b), EQUIVALENT REACTANGCE ON LOAD SIDE - -------- 
(f) (c) + (d), u " u u i ee eS oe ee 


2. TIE LINE 
(g) RESISTANCE REFERRED TO LOAD VOLTAGE -- - — — - ------ 
(h) REACTANCE “ u " is tc ee ee ee es 


3. TOTAL 
(i) MAXIMUM ERE SISTANGE EQUALS “(g) = o.- 2.2354) 
2.REACTANCE 1 le) ¢(h) == = ee = 
(j) MINIMUM |. RESISTANCE " (Gg) Sh ae eee a 
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This is a sample only. It does not nocessarily indicate an actual case, 
and the results are not necessarily those recommended by REA. The sample 
only illustrates a procedure. Attached is scale map A, page 56, of Some- 
State 39 Smith, showing tentative sectionalizing. The project receives 
power from a Diesel plant at point A. This plant has four 4800-volt units 
of 1000 kva each, three of which run during peak load, and one of which 
runs at light load. The constants of all generators are as follows: 


(1) Direct-axis transient reactance - 0.315 per unit 
(31.5 percent) 


(2) Negative sequence reactance - 0.195 per unit 
(19.5 percent) 


The plant is considered sufficiently large so that decrement may be neg- 
lected. The three-mile line AB is #4/0 copper with 4-foot equivalent 
Spacing, and the voltage is 4800, line-to-line. The REA substation has 
three 200 kva transformers of 3.95% impedance each connected delta-wye, 
with 7200 volts line-to-ground on the load side. Tentative positions for 
sectionalizing devices have been selected as shown on the key map A, and 
devices have been tentatively selected as shown. The maximum fuse at B 
allowed by the power supply company is a 200-ampere Presto type K power 
fuse, with melting time curve as shown by plate "A", page 59. Plate "B", 
page 60, shows part of the total clearing time curves for all sizes of 
the Super #XX-1D fuse link, plate "C", page 61, the remaining part of 
these total clearing time curves and the first opening time of the OC- 
type LM oil circuit recloser, and plate "D", page 62, the equivalent 
heating effect of the recloser to lockout. There is an oil circuit 
breaker in the plant controlled by an Electro type PB relay, which is 
connected to the main circuit with a 200/5 current transformer. 


Table (1), pages 57 & 58, is a coordination table for the Super fuse 

link. Two, three and five kva distribution transformers are fused with 

a 2-ampere Super #XX-1D fuse. There is no larger size of transformer than 
5 kva on the project. The peak load may be taken as 1 kva per phase-mile 
throughout. Make a complete sectionalizing study of the project. 


Sample Problem - Solution 


Forms TS-2 and TS-3 are self-explanatory. A fault resistance of 
30 ohms was used in obtaining the minimum fault current for a line-to- 
ground fault. The maximum and minimum fault currents after calculation 
are placed directly on the key map as shown. The line-to-line and three 
phase faults were calculated at the substation and at points H and R. The 
minimum fault current for the section controlled by fuse D is at points 

H and E (second sectionalizing point from substation) and is 91.9 amperes. 
From curve sheet 1A, the time in which the 200 kva transformers would be 
damaged at 91.9 amperes is 92 seconds. From Plate "B", the total clearing 
time of a 45-ampere Super #XX-1D fuse is 6.4 seconds at 91.9 amperes. 
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Since D is a 3-shot, 3 times 6.4 is a total clearing time of 19.2 seconds, 
which is considerably below the failure time of the transformer, and hence 
3-shot, 45-ampere fuses at D are safe. 


The total clearing time of a 50 ampere fuse at 91.9 amperes is 60 seconds, 
and of three of these is 180 seconds, and hence the 50 ampere fuses would 
not be safe. If desired, the 3-shot at D could be fused as a 10-45-45 com- 
bination. The use of the 10-ampere fuse in the first shot can be expected 
to lessen the number of trips to outlying fuses, and lower the outage time. 
Since the load is only about 40 kva, or about 6 amperes, the 10-ampere fuse 
will carry the normal maximum load. 


The maximum fault current at D is 253 amperes, a line-to-ground value. From 
formula (13) this gives 380 amperes through fuse B, with position D fused 
10-45-45, the total clearing time for D at 253 amperes is 0.029 + 0.305 + 
0.305 = 0.639 seconds, from Plate "C", (neglecting reclosing time). Since 
Plate "A" shows melting time of the primary fuse at B, divide 0.639 by 0.75 
to obtain 0.852 seconds as the value to use to prevent damage of fuse B. 
0.852 seconds on Plate "A" gives the current in percent of the fuse rating 
at 360%. Since the supply current is 380 amperes, the fuse size must be 
380. 105.6 amperes. From the catalog, the next larger sizes are 150 and 
4.60 


200 amperes. 


To check coordination for three-phase faults, we see that the maximum three 

phase fault at D is 177 amperes, which is 460 amperes through fuse B by 

formula (14). Total clearing time for the fuses at D at 177 amperes is 

0.048 + 0.644 0.64 = 1.33 seconds, and this divided by 0.75 gives 1.77 

seconds damage time, which gives the current in percent of fuse B rating 

as 255% on plate "A". This fuse size is therefore 460_ = 180.5 amperes. 
2.59 

The standard 200 ampere size will therefore provide coordination for three 

phase faults. 


The maximum line-to-line fault current is 166 amps, or 498 amperes on the 
low voltage side by formula (15). The total clearing time of fuses at D 
at 166 amperes is 1.55 seconds. Repeating the above process, fuse B must 


be 498 ~. 208 amperes in size. 
2.40 


This is somewhat over the 200 limiting figure, but rather than reduce the 
load side fuse sizes, operation will be continued on this basis, taking a 
chance on an occasional supply side fuse failure. (Since three phase and 
line-to-line faults are rare compared to line-to-ground faults, it may often 
be necessary to coordinate using the line-to-ground formula.) It can be 
seen that the line-to-line faults are the worst condition for supply and 
load side coordination. 


ere 


e 


To select the breaker at C, the procedure is as follows: the second section- 
alizing point on the other main branch is R, where the minimum fault current 
is 83.8 amperes. From Plate "C", the 50 ampere recloser initially opens at 
a minimum of 130 amperes, and hence cannot be used at point C because there 
is insufficient pick-up current. The 35 ampere recloser opens at a minimum 
of 74 amperes, which is less than 8%.8 amperes and hence may be used. The 
first opening time of the 35 ampere breaker on 83.8 amperes is 0.47 seconds, 
and this times 3 is 1.41 seconds, which is much lower than the damaging time 
of the 200 kva substation transformer on thie current, and hence the breaker 
is safe in protecting the substation transformers. If desired, a fuse could 
be used between breaker C and the substation to give back-up protection for 
currents less than 74 amperes. 


To check coordination of the breaker at C with fuse B, use the equivalent 
heating to lock-out curves, Plate "D". At 166 amperes, this time is 0.105 
seconds. The line-to-line fault current referred to the supply side is 498 
amperes (see above), or 249% of the 200 ampere fuse rating previously selected. 
At the 249% point on Plate "A", we find the time to melt fuse B is 1.85 
seconds, or to damage it is about 0.75(1.85) =» 1.39 seconds. The damage 

time of 1.39 seconds is over ten times the 0.105 seconds heating to lock- 

out time of the breaker and hence coordination is satisfactory. (For a 
breaker, further check must sometimes be made at the minimum fault current, 
but here the time spread is so great this is not necessary). 


The sectionalizing apparatus at the substation is therefore definitely selec- 
ted as follows: 


(1) Fuse B - 200 ampere Presto Type K 
(2) Position D - 10-45-45 ampere fuses, Super #XX-1D 
(3) Position C - 35 ampere recloser OC, Type LM 


Now start at point M using the fuse coordination table. The maximum line-to- 
ground fault current at point M is 138 amperes. A 2 ampere transformer fuse 
(protecting link--see left-hand column) will protect a 15 ampere fuse (pro- 
tected link--see top row) up to 140 amperes. Hence tentatively use a 15 
ampere fuse at points L and M. From Plate "B", the current necessary to 
blow the 15 ampere fuse in 100 seconds is 21 amperes, and since the minimum 
fault current at the end of the long line (N) is 72 amperes, the 15 ampere 
fuse is satisfactory from this standpoint. 


At point K, a 20 ampere fuse is necessary to be protected by a 3 ampere trans- 
former fuse, and the same is true at points I, J and F. The maximum fault 
current at I and F is 180.5 amperes, and these cutouts are 2-shots. The table 
shows that a 20 ampere 2-shot (left-hand column) will protect a 4O ampere fuse 
up to 200 amperes; however, a 40 ampere fuse at points E or H will not co- 
ordinate with the previously chosen 45 ampere fuse at D. If we make the cut- 
outs at I and F single-shots, 30 ampere fuses can be used at E and H, since a 
30 ampere fuse will be protected by a single 20 ampere fuse up to 200 amperes 
fault current. The 30 ampere fuses at E and H will now coordinate with the 

e 45 ampere links at D, providtng E and H are two-shot cutouts, but not if 
the cutout at H is a three-shot. 
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An alternate solution might be to fuse points F, I, J, K, L, and M with 
10 ampere links. Then 2-shot 10 ampere fuses at F and I would protect 

30 ampere fuses at E and H. In the latter case, the fuses at points F, 

I, J, K, L, and M would not coordinate properly with the transformer 
cutout fuses, but extra shots could be added at all sectionalizing points, 
so that primary outages could be reduced. In fact, 2-shot cutouts could 
also be installed at points J, K, L and M, if desired. 


This is the solution shown in the final sample map. (It is not necessarily 
to be preferred. Local judgment must rule in cases of this kind). In the 
final set-up shown, failure of a transformer fuse on any of the branch lines 
controlled by 10 ampere line fuses would also probably damage the first 

shot in the line fuse. Hence the lineman should replace the first line 
sectionalizing fuse link upon such an occurrence. Also, the use of the 
10-ampere fuse in the first shot at the substation will provide three- 

shot protection for all main lines and save lengthy service trips, but 

will of course not coordinate properly with the branch line 10-ampere 

fuse links. Hence, a fault on the branch line may damage or blow the first 
fuse link at D at the same time as the branch fuse blows. It can be seen 
that in any case a 3-shot 30-ampere cutout at H will not coordinate with the 
45-ampere fuse at D, and hence a two-shot must be used. 


Turning to the other main branch, it can be seen that if a 35 ampere re- 
closing breaker is installed at C, a 25 ampere size can be installed at 
R and 12 ampere sizes at S and V. (Since there are gapped transformers 
beyond S, there must be a recloser at point S). The minimum current in 
the section controlled by the breaker R is 69.9 amperes, which is in ex- 
cess of the 62-ampere "pick-up" point. The minimum in the section con- 
trolled by breaker V is 55 amperes, which is in excess of the 30 ampere 
"pick-up" point for the 12 ampere breaker. Similarly, reclosing breaker 
S is satisfactory. 


From Plate "C", the largest fuse size which will coordinate with a le 
ampere breaker at V is a 3 ampere size. In other words, with any fuse 
larger than a 3 ampere size, the breaker will open on a fault before the 
fuse. Also, it can be seen from the table that a 3 ampere fuse will not 
be protected by a 2 ampere transformer fuse for any value of fault current. 
There are three possible solutions to this problem. 


(1) Do not use any fuses at Y, Z, AA, AB, or AF, but use 
manual switches at these points. 

(2) Use a fuse at V instead of a breaker. 

(3) Fuse cutouts at points Y, Z, AA, AB, and AF, or some 
of them, with 2- or 3-shot 3 ampere fuses. 

(4) Fuse cutouts at points Y, Z, AA and AB with 10 ampere 
single-shot fuses. \ 


If (1) is followed, manually operated switches could be placed at these 
points. iIf (2) is followed, the first shot of the line fuses will blow al- 
most every time a transformer fuse blows, but since there will be one or 
two remaining shots, the line will remain in service. In this case, the 
lineman must examine the line fuses and replace the first shot after each 
such occurrence. In case (4) is used, it can be seen that. the breaker will 


pyr 


. fb -eititeg tm esue't-e6F .aeen er ec. 2 ime Eee 
- MES Iinend sake Msiw el angeiy etamtineee: dom. hme ie 

eteioe ht tiisme tose ifs ae Sethe oF gen odede | 
Sees ‘Steeles toda~o , toe? wT: . decwhes | 
oper ‘33 ~ bweteab- eae f mere? 


U bmewonee: ten.¢ 8} <a of eam Samk'Y 
edz vt {é ent - + ae ie 


Sentt donest adit to ys: ne eout pe Beir 8 t emul peg 
sent odd eens - ‘whlalto“ug 6.8. bites cea ener owen af q 
Mi) OES ter evcdie hinote..mementt ea3tseuell eag? ent oe. a 
2 689 0%‘ cmees SMeTRtw: we lee ming week! eee mietis f wi 
Fete, Cot TIN sab atndee eG "te tote Sent? edt at sa oe 
Pe geist > } ' 


hGrSe wert esas .y nd yeed- ‘ous 209 gesht clam iis apd eek n 
orga Of feral? “deen ans detw qleegone e@eatininge don em me 30. 
Perry et? weld ho -epene® ve sats deter eff wo diet = OORT 5 ext F 
OSts Gt hee OS. .wunld eat da en ade o. emt sant edd te © Se amg. 
ashe Giby Ue tertiesere 


a ie-out 2 oomed. heer, te 


bf iste See exis ousquw fS «4 <2 de bet dvent ‘ont 
WMNI6AeW koggen oun epeut3 neanic)...V des 8: de eante-. 
aumivia eG? fz “sean! Sem . o6:: 


2° ee ay thd oe , Be * » & 
‘2 ay MSeeee cig. pale ‘ bie how. 
ay Salers a ¢¥- =... 
j rn c.2 Bt 2 S 
ES ‘ ¢ “¢ ¥ *~ iad a ovuse: 
. -” —— mse 


oo 
er 


8 Gila etaatitove iv dotdy sate. eux? Peeepreeyh ons: "Ot 
Sea ps aor: aie cL .e@te egagme * 9:08:70 ts: 
saitabidi adie a lige? 7: Gumek Lilw tegeprn..e@e ,eake- OS SaaRe errs 
niles oY COs? ogegee-t-z —_ ‘sida oft ‘goy$ CO ~Oab cones a2: cates. . 
‘GEES Sines. to oxley que tot eee? seme tenes: ‘wargames a. os Sedeate 
ee nae done atts of Cnn toe eae ioneG. onsdd :@ 


an: ha. hy TY de eon? eae ee (ai oy 
atiiag woudl oe: eaviot bee 
Tepiotdls:- to hasten} v° Sones. oot. ? 
i 4A 3 UY: stehoqg Jn elmedes eag®: a be 


vines OF en NT WORE Ctode-8-90 -S iste eee ae 
OS Ges | Se GA. J ms AA ax 2° adazog e- EdRQdwe oust. {4}; 
| / eee  todegtemte ; 
OGRE Dr aot ng nae Cadetiwe beereeen ef Lemme, 
EW GGT Ctl ete, fee... 2 Tout ede. Sevellc? er*(@, 
art =z re. eae yy ‘POtrety - sud ‘fa. er ; 
Se, kt aE -eobveee at _ Em yaa a 
aw, 4 2 See? off own. fogs She sont: omt! eden 
‘of nee ot: tome oi (8) seme ae 


oe 
. 


trip on any fault in the section beyond the breaker. Temporary surges will 
be automatically removed, as the breaker will reclose. If the fault is 
permanent, the breaker will lock out. The lineman can then short out the 
breaker with a 20 ampere fuse. The particular branch fuse will then blow, 
the breaker can be reclosed, and the faulty line will be isolated. 


Let us assume local conditions favor solution (3). Two-shot or three-shot 

4 ampere fuses will then be installed at Y, Z, AA, and AB. It would ob- 
viously be useless to install a fuse at AF, since there could be no coordina- 
tion between AF and AA. (Many operators favor solution (4)). 


From the coordination table, fuse X should be a 15 ampere fuse, and fuse U 
a 25 ampere fuse, for proper coordination with a 2 ampere distribution 
transformer cutout; however, recloser R is a 25 ampere size, and from Plate 
"C" the largest fuse which can coordinate with this is a 10 ampere size. 
Hence U and T must be made two- or three-shot with 10 ampere fuses. 


The fuse at X can then be eliminated or replaced with a manual switch to 
provide for manual sectionalizing in case of trouble. The same applies to 
W, except that two-shot 2 ampere fuses could be placed at W, if desired. 


The minimum current at AC is 60.7 amperes, which is sufficient to blow a 
10 ampere fuse at T. 


(12 ampere reclosers could also be placed at U and T, if the investment were 
considered justified. ) 


The recloser at S has already been selected as 12 ampere. 


Fuse Q must be a 20 ampere size, and points P and O must have 20 ampere 
fuses for proper coordination with the distribution transformer cutouts. 
These points may be made one-, two-, or three-shot, according to the in- 
vestment justified. 


From Plate "C", 20 ampere fuses at O and P under a 194 ampere maximum fault 
will coordinate satisfactorily with the 35 ampere breaker at C. For 107 
amperes, coordination is still satisfactory. For values between, however, 
the coordination is very close. If the fuse links are of the spring-type, 
or the cutout mechanically increases the gap between the link, coordination 
will probably be satisfactory. 
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Table (2) 
Characteristics of Electro Type PB Relay 


Time in Seconds to Trip 


a) eee by Sh auger FO Oe ORR URO fe 
2 ean OS Ssh RUE BLO Bi Qi Bef teres ee 

Times 3 ome ae Hey 2.5 sh 3.9 4.5 5.0 56D 
Current 5 eee eo aS GT ee ee 8B eee 3.6522 BO 
Tap 10 ere O82 Blade Ute ed oF 2.6 2.9 
Setting 20 ee 080 lO eee OT en od Ue s) P.O 240 
40 oe O.: C6 80Oseeoeee 8 1.2 1.3 1.5 5 et 1.9 

50 ee 205). 0,5. Oe Oe ee. od 3 15 1.6 

Time Lever 
Setting 1 2 3 4 5 6 i 8 9 10 


Taps are 4, 5, 6, 7, 10, 12 and 15 amperes. 


Table (2) indicates the characteristics of the breaker relay in the plant. Since 
the current transformer is 200/5 ratio, one ampere on the relay is equal to 40 am- 
peres in the main circuit. The maximum line-to-ground fault current referred to 
the supply side is 380 amperes, which melts the high side fuse in about 3.9 seconds. 
The clearing time is around 4 seconds. Therefore, the relay time must be more than 
4 seconds for 9.5 amperes. If we use a 6 ampere tap, this would be 1.58 times 
normal, and, from Table 2, a time lever setting of 4 or over will provide coordina- 
tion. The minimum line-to-ground fault current is 187 amperes, referred to the 
supply side, which is less than the fuse rating. The relay must therefore be set 
to "pick up" at a value in excess of the continuous capacity of the fuse. Refer- 
ring to the melting time curve, Plate "A", the relay must pick up at a greater 
current than 280 = 7 amperes. We must therefore use the 7 ampere relay tap or 
greater. “ho 


Now, by plotting characteristic curves, Plate "F", page 64, it can be seen that the 
relay must take about four seconds to operate on about 162 amperes (referred to 
7200 volt side by formula (13), or 10.5 relay amperes (1.5 times normal). Time 
lever setting 3 seems to satisfy these requirements, so we plot the entire curve 
for tap setting 7 and time lever setting 3, and find that proper coordination 
occurs over the entire range. 


Whether conversion formula (13), (14), or (15) is used makes no difference insofar 
as the relationship between supply side characteristics is concerned. Line-to- 
line faults (formula (15)) are generally the criterion faults insofar as coordina- 
tion of the load and supply side devices are concerned. Plate F shows coordination 
for three phase faults, and plate G, page 65, for line-to-ground faults. A line- 
to-line chart could similarly be made. 


The final map B, page 73, prepared as shown, giving selected devices and sizes, 
should be left for the guidance of the project operating personnel. It should be 
noticed that the fault current values are left on the final map. These are indi- 
cated so that when future additions to the project are made, the entire set of 
values will not have to be recalculated. 


(This example does not necessarily represent the most complete installation. For 


example, additional short-branch lines might be fused. The example is only for 
the purpose of method explanation. ) 
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